In the present study, g-C 3 N 4 with various morphologies was successfully synthesized via a variety of facile in situ methods. The as-prepared products were characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), Raman spectroscopy and X-ray diffraction (XRD). The results obtained using square wave anodic stripping voltammetry (SWASV) showed that when g-C 3 N 4 was applied as an electrochemical sensor, it exhibited excellent sensitivity and selectivity for the detection of heavy metal ions including Pb(II), Cu(II) and Hg(II). Compared to nanoporous graphitic carbon nitride (npg-C 3 N 4 ) and g-C 3 N 4 nanosheet-modified glass carbon electrode (GCE), g-C 3 N 4 successfully realized the individual and simultaneous detection of four target heavy ions for the first time. In particular, g-C 3 N 4 displayed significant electrocatalytic activity towards Hg(II) with a good sensitivity of 18.180 mA mM À1 and 35.923 mA mM À1 under the individual and simultaneous determination conditions, respectively.
Introduction
Heavy metals generally refer to a class of metal elements with atomic density greater than 5 g cm
À3
.
The heavy metals present in aqueous environments usually include lead (Pb), cadmium (Cd), mercury (Hg), copper (Cu), chromium (Cr) and arsenic (As); due to their high toxicity, persistence and non-degradability, heavy metals can easily cause serious effects through their bioaccumulation in the food chain, causing serious harm to human bodies, which in turn results in various diseases of the human body, and environmental pollution.
1-3 Therefore, it is important to develop direct and highly sensitive tools to determine the concentrations of heavy metals in the environment. At present, various methods, such as atomic absorption spectroscopy (AAS), ultraviolet-visible spectrophotometry (UV), X-ray uorescence spectroscopy (XRF) and inductively coupled plasma mass spectrometry (ICP-MS), have been used for the determination of heavy metal ions. These methods have high sensitivity and selectivity; however, they require expensive instrumentation, complex operational procedures, and long detection time. Moreover, they are neither cost-effective nor userfriendly for routine heavy metal analysis. However, compared with other methods, electrochemical analysis, especially square wave anodic stripping voltammetry (SWASV), has been recognized as a very promising approach for the trace and on-site analysis of heavy metal ions due to its characteristics of simple operation, low detection limit, high sensitivity and good selectivity. [4] [5] [6] [7] It can simultaneously detect a variety of heavy metal ions and is generally considered to be an efficient and accurate method for heavy metal analysis. As is known, a key step in electrochemical analysis methods for the detection of heavy metal ions is the design and synthesis of the working electrode materials. Nanomaterials, with a large surface area and plenty of active sites, can improve the analysis efficiency and have been widely utilized to improve the sensing performance of electrochemical detection. Recently, various nanomaterials have been successfully applied for electrochemical determination due to their high adsorption capacity towards heavy metal ions. Via functional groups and self-assembly, these materials can be easily assembled on the electrode surface for electrode sensor preparation and have excellent selectivity and sensitivity for the detection for heavy metal ions.
8-11
In recent years, carbon-based nanomaterials, such as carbon nanomaterials, carbon nanotubes (CNTs), soccer olens (C 60 ) and graphene, have exhibited excellent electronic properties and are ideal electrode modication materials for heavy metal ion detection. However, these carbon-based nanomaterials have high cost, restricting their real applications. Similar to graphite, g-C 3 N 4 has a layered structure involving weak van der Waals interactions between adjacent C-N layers. g-C 3 N 4 has attracted signicant attention as a new type of nitrogen-containing carbon material due to its excellent features including good conductivity, large specic surface area, good electrochemical properties and low cost. Thus, it was expected that g-C 3 N 4 could be applied in electrochemical detection due to these characteristics.
12-16
Although there are lots of studies on the synthesis and photocatalytic activities of g-C 3 N 4 as a photocatalyst, there are only few studies on the synthesis of g-C 3 N 4 for successive application in electrochemical detection; [17] [18] [19] [20] [21] [22] [23] [24] in addition, g-C 3 N 4 with various morphologies, for example, nanoporous graphitic carbon nitride (npg-C 3 N 4 ), g-C 3 N 4 bulk and g-C 3 N 4 nanosheets, has been synthesized, and it has been reported that it is possible to tune its properties. To date, the effect of morphology on the electrochemical properties of g-C 3 N 4 has not been investigated.
25-36
Based on the abovementioned considerations, g-C 3 N 4 with various morphologies, for example bulk, nanoporous and nanosheets, was synthesized for application in the electrochemical detection of heavy metal ions. In addition to this, the remarkable surface area, excellent conductivity and wide electrochemical window have made g-C 3 N 4 , npg-C 3 N 4 and nanosheets of g-C 3 N 4 novel materials in the eld of electrochemical sensors. Furthermore, the use of square wave anodic stripping voltammetry (SWASV) ensured a fast and high sensitivity current response due to the high electron-transfer speed between the electrode and the solution.
Experimental

Materials
All the reagents were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Melamine, Triton X-100, H 2 SO 4 , HNO 3 , KCl, K 3 [Fe(CN) 6 ], Naon (0.25 wt%) and absolute ethanol were of analytical grade and used without further purication. Stock solutions of heavy metal ions, including Pb(II), Hg(II), Cd(II) and Cu(II), used in the experiments for the detection tests were prepared with Pb(NO 3 ) 2 , Hg(NO 3 ) 2 , Cd(NO 3 ) 2 , Cu(NO 3 ) 2 , respectively. HAc and NaAc were bought from Tianjin Kemiou Chemical Reagent Co., Ltd. Acetate buffer (0.1 M HAc-NaAc) solutions were prepared by mixing stock solutions of 0.1 M HAc and NaAc$3H 2 O. They were used as a supporting electrolyte and allowed the circuit to be completed. Deionized water (18.25 MU cm) used in the experiments was obtained using an ultra-pure water manufacturing system.
Preparations of g-C 3 N 4
All the chemicals were of analytical grade and used without further treatment. The g-C 3 N 4 nanocomposites were prepared following a thermal polycondensation method. At rst, 5.0 g melamine was heated to 600 C under a nitrogen atmosphere.
Then, it was allowed to stand for 6 hours to achieve normal temperature, and a light yellow solid was obtained, which was ground to a powder. Finally, an appropriate amount of the powder was taken, and an appropriate amount of secondary deionized water was added to it for sonication for 16 hours; aer this, the suspension was allowed to stand for a period of time and then centrifuged in a 5000 rpm centrifuge to obtain larger particles and g-C 3 N 4 bulk. The sample was usually labeled as g-C 3 N 4 . Npg-C 3 N 4 was synthesized by a template-induced method according to a previous study. 37 In a typical synthetic procedure, rst, 5.0 g melamine and 2.5 g Triton X-100 were heated in an oil bath at 100 C under stirring for 1 h. Then, the right amount of concentrated sulfuric acid (98 wt%) was added, a white precipitate gradually formed, and the mixture was then stirred at 100 C for another hour. Aer being naturally cooled down to room temperature, the precipitate was ltered, washed several times to remove Triton X-100 and then dried at 80 C. The obtained sample was heated to 500 C in a muffle furnace for 2 h at the heating rate of 2 C min À1 , and further heat treatment was then performed at 580 C for another 2 h.
We have adopted an aqueous phase exfoliation method for the preparation of g-C 3 N 4 nanosheets.
38 Herein, 0.5 g bulk g-C 3 N 4 was stirred for 1 h and then ultrasonicated for 10 h in a hot water bath. To maintain the temperature near room temperature, ice cubes were added to the water at regular intervals of time. The aqueous dispersed carbon nitride nanosheets formed were centrifuged at 5000 rpm. The supernatant was again centrifuged at 18 000 rpm to obtain g-C 3 N 4 nanosheets.
Apparatus and characterization
All the electrochemical measurements were performed using the CHI660E computer-controlled potentiostat (ChenHua Instrument Co., Shanghai, China). Experiments were conducted in a conventional three-electrode system using a modied bare glass carbon electrode (GCE) as the working electrode, Ag/AgCl/ saturated KCl as the reference electrode and platinum wire as the counter electrode. The morphology and phase structure of the samples were investigated by a eld emission scanning electron microscope (FESEM, Hitachi S-4800). High-resolution transmission electron microscopy (HRTEM) observation was carried out using the JEM-2010 microscope (JEOL, Japan). X-ray diffraction (XRD) patterns of the g-C 3 N 4 nanocomposites with various morphologies were acquired using the Horiba EX-250 Xray energy-dispersive spectrometer (EDS). Raman spectra were obtained using the Jobin-Yvon LabRam HR800 Raman spectroscope equipped with a 514.5 nm laser source.
Electrochemical characterization
2.4.1 Working electrode pretreatment process. Pretreatment of the working electrode was a more critical step in this experiment. To form a mirror-shiny surface, the bare GCE was carefully polished on felt pads with 1.0 mm, 0.3 mm and 0.05 mm alumina slurry in sequence and cleaned by deionized water aerwards. Then, the GCE was sonicated with HNO 3 (1 : 1, v/v), absolute ethanol and deionized water in sequence for certain time to reduce the amount of the adsorbed substances on the surface of the electrode. Aer this, the treated electrode was dried with a stream of nitrogen gas. Then, 5 mg of g-C 3 N 4 was dispersed in 2 mL of Naon (0.25 wt%) and absolute ethanol mixed solutions. The solution was ultrasonically dispersed in a weighing bottle for 30 minutes. The next most important step was to add the material to the working electrode. A certain amount of g-C 3 N 4 mixture was added to the surface of the working electrode with a pipette of corresponding specica-tions (0.5-50 mL, sampling 2 mL each time), and the working electrode was placed in a blast drying oven for drying. To facilitate comparison, npg-C 3 N 4 and nanosheets of g-C 3 N 4 -modied GCE were also prepared following the same procedure.
Electrochemical measurements.
All the experiments were conducted by the cyclic voltammetry method: the scanning was from À0.1 to 0.6 V; the amplitude was 20 mV; the step height potential was 5 mV; the time of integration was 2 ms; and the frequency was 25 Hz. To realize individual and simultaneous detections of Pb(II), Hg(II), Cd(II) and Cu(II), square wave anodic stripping voltammetry (SWASV) is the most commonly used electrochemical measurement method; at rst, the working electrode has been modied with a modied material by putting it into a mixture solution including 0.1 M HAc-NaAc and heavy metal ions. Then, heavy metal ions have been deposited on the surface of the working electrode at the potential of À1 V vs. SCE for 150 s. For the enrichment process, the metal ions have been reduced through a reduction reaction. In the dissolution process, the heavy metal was originally deposited on the electrode in an ionic state and returned to the solution through an oxidation reaction. Since the positions of the dissolution peaks of different heavy metal ions were different, the parameter setting was performed according to the heavy metal ions. Furthermore, a positive potential was applied to the clean working electrode for 300 s to remove the deposited residual heavy metal ions from the surface aer each detection experiment.
Results and discussion
The formation of g-C 3 N 4 with various morphologies was conrmed by the XRD pattern and FTIR spectra shown in Fig. 1A and B, respectively. All the samples clearly showed two similar characteristic peaks of 14.8 and 27.5 , as shown in assigned to the stretching vibrations of the s-triazine ring units. [24] [25] [26] [27] [28] These results indicated that the s-triazine and tris triazine ring units simultaneously existed in the g-C 3 N 4 prepared using urea precursors. Note that the FTIR spectra of npg-C 3 N 4 and nanosheets of g-C 3 N 4 were similar to that of g-C 3 N 4 ; this suggested that they maintained the same chemical structure as their parent counterpart.
The micro-structure of g-C 3 N 4 with various morphologies was further characterized by SEM and TEM images, as shown in Fig. 2 . As shown in Fig. 2a-c , all the samples showed a typical layered platelet-like morphology. In addition, they showed large amounts of aggregation with a layered structure. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The elemental mapping images and energy-dispersive X-ray spectrometer (EDS) results of g-C 3 N 4 are shown in Fig. 2d . The elements C and N were obviously detected and uniformly distributed within the sample. To further prove the molecular composition of g-C 3 N 4 , EDS spectra of g-C 3 N 4 was used to detect the content and mass ratio of C, N, and O elements, as shown in Fig. 3 , and the C and N contents of g-C 3 N 4 were calculated to be 39.718% and 60.082%, respectively, according to the weight ratio of these elements. These results indicated that the C : N ratio was almost 3 : 4. The formation of g-C 3 N 4 nanosheets was further characterized by the TEM images, as shown in Fig. 2e , showing a nanosheet-like morphology. Although the nanosheets of g-C 3 N 4 had largest specic surface area, their pore size was smallest. These results further conrmed the ndings for g-C 3 N 4 . CV and EIS have been widely used for the characterization of modied electrodes, which provide clearer information about the electron-transfer kinetics of redox probes. The electrochemical characterization results of the bare glassy carbon electrode and modied materials are shown in Fig. 5a . Compared with the case of the bare glassy carbon electrode, it could be indicated that the oxidation peak and the reduction peak current of the modied electrode of g-C 3 N 4 , npg-C 3 N 4 and nanosheets of g-C 3 N 4 respectively decreased, whereas the peakto-peak separations were widened in the cyclic voltammetry (CV) curves; this was because the modied materials on the surface of the electrode hindered the transfer of electrons and had poor electrical conductivity. Fig. 5b shows the corresponding electrochemical impedance spectra (EIS). Typically, the electrochemical impedance spectra consisted of two parts: a straight line portion and a semicircular portion, which were respectively in the high frequency region and the low frequency region. The values corresponding to the semicircular diameter indicated the corresponding electron-transfer resistance, and the straight line portion represented the electron-diffusion process. The interface properties of the modied electrodes obtained using different materials were further conrmed through EIS. As shown in Fig. 5b , g-C 3 N 4 , npg-C 3 N 4 and the nanosheets of g-C 3 N 4 respectively modied the R et of the electrode, and the electrochemical impedance spectra of the bare glassy carbon electrode was almost a straight line. Equivalent circuit plots in the EIS data tting are shown in the inset of Fig. 5b , where R s represents the sum of the ohmic resistance, including the ohmic resistance of the electrolyte, the electrode and the interface, of the research system; C d1 and C d2 represent the double layer capacitance and the capacitance of the SEI lm instead of a capacitor to compensate for non-homogeneity in the system; and R 1 and R 2 are charge-transfer resistors. This further indicated that g-C 3 N 4 , npg-C 3 N 4 and nanosheets of g-C 3 N 4 hindered the transfer of electrons on the electrode surface, and the electrochemical catalytic behavior was better aer modication of the electrode surface. This may be attributed to the high activity of g-C 3 N 4 , npg-C 3 N 4 and nanosheets of g-C 3 N 4 . Moreover, as can be seen from the EIS data, the nanosheets of g-C 3 N 4 had highest equivalent resistance (R et >30 U) in the highfrequency region, whereas npg-C 3 N 4 had the worst diffusion effect in the low-frequency region. These results showed that the lamellar structure of g-C 3 N 4 had the advantage of increasing the specic surface area and accelerating the migration rate of electrons. The result was consistent with the CV data of different electrodes.
To obtain higher detection sensitivity and low detection limit, experiments were performed under optimal conditions, and the modied electrodes were tested under the same conditions. Optimal conditions were obtained by the method of controlling a single variable. The SWASV response towards Pb(II) detection on g-C 3 N 4 , npg-C 3 N 4 and g-C 3 N 4 nanosheetmodied GCE was determined in an electrolyte solution of 0.1 M HAc-NaAc (pH ¼ 5) at the deposition potential of À1.0 V for 150 s, and the results are shown in Fig. 6a-c . Corresponding to the electrochemical detection of Pb(II), an obvious peak was observed at about À0.5 V. The stripping current increased as the concentration of the metal ions increased. Moreover, signi-cantly different sensitivities towards Pb(II) detection were associated with each modied electrode material. Obviously, the Pb(II) detection sensitivity of g-C 3 N 4 was highest. It could be observed that the sensitivity for the analysis of Pb(II) was as follows: g-C 3 N 4 > npg-C 3 N 4 > nanosheets of g-C 3 N 4 . The linearization equation was i/mA ¼ À4.806 + 10.887c/mM with a correlation coefficient of 0.966 over the respective concentration ranges from 0.5 to 3.5 mM (inset of Fig. 6a) , and the limit of detection (LOD) was calculated to be 0.228 mM (via the 3s method), as shown in Fig. 6d . The linearization equation for the npg-C 3 N 4 -modied GCE was i/mA ¼ À3.166 + 5.478c/mM with a correlation coefficient of 0.966 over the concentration range from 0.5 to 4.0 mM (inset of Fig. 6b ). The linearization equation for the nanosheets of g-C 3 N 4 was i/mA ¼ 0.776 + 3.728c/mM with a correlation coefficient of 0.986 over the concentration range from 0.5 to 3.0 mM (inset of Fig. 6c) . Overall, the g-C 3 N 4 -modied GCE obtained higher detection sensitivity and low detection limit towards Pb(II) detection, which was selected for the subsequent detection of multiple heavy metal ions. Similarly, we used the same method to separately detect other heavy metal ions and obtained the detection sensitivity and detection limit of different modied materials for other heavy metal ions. Fig. 7a-c It could be observed that the sensitivity for analysis of Hg(II) was as follows: g-C 3 N 4 > nanosheets of g-C 3 N 4 > npg-C 3 N 4 . On the one hand, g-C 3 N 4 may possess more excellent adsorption capacity and exhibit higher catalytic activity towards Hg(II) than the other heavy ions during the oxidation reduction process of SWASV. On the other hand, g-C 3 N 4 has a layered structure similar to that of graphene, and a mercury lm can be formed on the surface of the electrode, which can increase the deposition amount of Hg(II) on the surface of the electrode and improve the electronic transfer. Therefore, g-C 3 N 4 demonstrated very high selectivity towards Hg(II). Fig. 8a -c present the SWASV response toward Cu(II) detection on g-C 3 N 4 , npg-C 3 N 4 and g-C 3 N 4 nanosheet-modied GCE over different concentration ranges of an equal concentration gradient in 0.1 M HAc-NaAc (pH ¼ 5). Well-dened peaks were obvious at about 0 V, and the nanosheets of g-C 3 N 4 had better sensitivity to detect Cu(II) than g-C 3 N 4 and npg-C 3 N 4 . The linearization equation for the nanosheets of g-C 3 N 4 was i/mA ¼ À3.017 + 5.151c/mM with a correlation coefficient of 0.959 over the respective concentration ranges from 0.5 to 4.5 mM (inset of Fig. 8c) , and the limit of detection (LOD) was calculated to be 0.103 mM (via the 3s method). A comparison between the sensitivities of the modied electrodes based on different materials towards Pb(II), Hg(II) and Cu(II) is shown in Fig. 8d . It could been seen that the g-C 3 N 4 -modied electrodes used to detect three heavy metal ions individually showed good electrochemical performance, especially towards Pb(II) and Hg(II). The results indicated that g-C 3 N 4 had large specic surface area and more active sites, which were benecial for its binding to heavy metal ions and chemical reactions.
The Pb(II) and Hg(II) detection performance of the proposed sensor was compared with those of other previously reported modied electrodes, and the results are summarised in Table 1 . It was observed that preferable sensitivity with a low LOD was obtained at the g-C 3 N 4 -modied electrode. The results demonstrated that high sensitivity towards Pb(II) and Hg(II) could be obtained at the g-C 3 N 4 -modied electrode. Compared with the other GCE-modied materials reported previously, g-C 3 N 4 displayed much higher sensitivity and even achieved the same effect as poly(BPE)/g-C 3 N 4 ; moreover, it was very simple and easy to prepare. Therefore, it may provide useful insights into the design of high-performance electrochemical sensors applied in the individual and simultaneous detection of heavy metal ions.
As shown in Fig. 9a -c, heavy metal ions, including Cd(II), Pb(II), Cu(II) and Hg(II), at different concentrations were simultaneously detected under similar conditions using the g-C 3 N 4 , npg-C 3 N 4 and g-C 3 N 4 nanosheet-modied GCE. The individual stripping peaks for Cd(II), Pb(II), Cu(II) and Hg(II) could be clearly observed at À0.70, À0.50, 0 and +0.30 V, respectively. These results showed that the simultaneous and individual detection of the four considered heavy metal ions resulted in well-separated stripping peaks. Moreover, the potential separation between these stripping peaks was clear enough to distinguish the four respectively. With an increase in the concentration of heavy metal ions, the enrichment potential of the oxidation peak gradually shied to the positive direction, and the peak current also increased positively in a certain interval. To better analyze the interference of these four metal ions, Table 2 displays the sensitivity, correlation coefficient, and calculated LODs for the individual and simultaneous detection of heavy metal ions. As the concentration of heavy metal ions increased, Cd(II), Pb(II), Cu(II) and Hg(II) were signicantly enhanced; this could be ascribed to the presence of a Hg lm and a mutual promotion between heavy metal ions during the enrichment process. To date, due to the environment-friendliness of the hanging mercury drop electrode (HMDE), it has been widely applied to improve the detection sensitivity. In our experiment, there was no obvious stripping peak for the bare glassy carbon electrode when compared with the stripping peaks of Cd(II), Pb(II), Cu(II) and Hg(II) using the g-C 3 N 4 -modied GCE. The stability of electrode and experimental repeatability are also very important for practical application in electrochemical detection. A repeatability study of the g-C 3 N 4 -modied GCE was thus carried out in a parallel experiment 10 times once a day. We selected Pb(II) as the target heavy metal ion. The SWASV responses towards the g-C 3 N 4 -modied GCE in 0.1 M HAc-NaAc (pH ¼ 5) containing 4 mM Pb(II) aer 10 successive scans are shown in Fig. 10a . The peak values of the oxidation peak were about 39 mA. This clearly showed that the peak current slightly changed as the number of trials increased; this indicated that the repeatability of the fabricated electrochemical sensor was particularly good. The EIS results for the g-C 3 N 4 electrode are shown Fig. 10b towards Pb(II) from the 1st cycle to the 10th cycle. As can be seen, as the number of days increases, the diffusion effect slowly decreases. Overall, it can be seen that the stripping currents on g-C 3 N 4 -modied GCE are nearly steady, and the relative standard deviation (RSD) has been calculated to be 2.09%. These results indicate that the g-C 3 N 4 -modied GCE displays excellent cycling stability and long-term durability for repeated electrochemical determination, which offer a very broad application prospect.
To evaluate the accuracy of the proposed sensor in practical application, g-C 3 N 4 was applied for monitoring Pb(II), Hg(II) and Cu(II) in real water samples diluted with 0.1 M HAc-NaAc buffer solution (pH 5.0) in a ratio of 1 : 4 by a standard addition method, and the results are shown in Fig. 11a-c . The real water sample was obtained from the Fen River water in Taiyuan City (Shanxi Province, China). It can be seen that there is no obvious current signal when the electrodes modied by g-C 3 N 4 are directly used to determine Pb(II), Hg(II) and Cu(II) in the treated real water sample. Then, Pb(II), Hg(II) and Cu(II) at different concentrations were added, and a sharp stripping peak could be observed. As shown in Fig. 11a-c , it was clear that the found concentrations of Pb(II), Hg(II) and Cu(II) were well consistent with the added amount, and the recovery of Pb(II), Hg(II) and Cu(II) was 94%, 105%, and 99% with the RSD of 0.41%, 0.84%, and 0.57%, respectively. This result shows that the proposed electrochemical sensor is applicable for the detection of heavy metal ions in real water samples.
Conclusion
In this study, g-C 3 N 4 , npg-C 3 N 4 and nanosheets of g-C 3 N 4 were successfully synthesized by a variety of facile methods. Moreover, the effect of the morphology of these different materials on the electrochemical detection of heavy metal ions was investigated in detail. CV and EIS results showed that the modication by g-C 3 N 4 , npg-C 3 N 4 and nanosheets of g-C 3 N 4 could enhance the electrochemical activity. The results obtained using square wave anodic stripping voltammetry (SWASV) showed that g-C 3 N 4 applied as an electrochemical sensor exhibited excellent sensitivity and selectivity for the detection of heavy metal ions including Pb(II), Cu(II) and Hg(II). The sensitivities were 10.887, 4.794, and 18.180 mA mM À1 and the limits of detection (LOD) were 0.228, 0.103, and 0.217 mM, respectively. Compared to npg-C 3 N 4 and g-C 3 N 4 nanosheet-modied glass carbon electrode (GCE), g-C 3 N 4 successfully realized the individual and simultaneous detection towards four target heavy ions for the rst time. In particular, g-C 3 N 4 displayed signicant electrocatalytic activity towards Hg(II) with a good sensitivity of 18.180 mA mM À1 and 35.923 mA mM À1 under the individual and simultaneous determination conditions, respectively. The sensitivity for simultaneous determination was almost 2 times that of individual determination. Moreover, the fabricated electrochemical sensor showed good anti-interference, stability and repeatability, which greatly promoted its potential usage in high-performance electrochemical sensors for the individual and simultaneous detection of heavy metal ions.
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